mutant wing discs, causing cell competition between RpS3-over-expressing cells (winners) and surrounding RpS3/+ cells (losers). The CORE system allows us to manipulate Gal4/UAS-mediated gene expression in loser cells, whereas the SURE system allows us to manipulate gene expression in winner cells. By conducting an ectopic over-expression screen using the CORE system, followed by a clonal analysis using the SURE system, we found that cellular Wg signaling activity is crucial for determining winner/loser status and subsequent induction of Minute cell competition.
| RESULTS AND DISCUSSION
2.1 | The CORE system-a novel assay system for Minute cell competition Cells heterozygously mutant for a ribosomal protein gene RpS3, one of the Minute mutations, are eliminated from Drosophila epithelium by cell competition when surrounded by wild-type cells (Kolahgar et al., 2015; Portela et al., 2010) . To establish a simple assay system for analyzing Minute cell competition, RpS3-RNAi was expressed in the pouch region of the wing disc using the nubbin (nub)-gal4 driver ( Figure 1a) . We found that the number of dying cells was significantly increased in RpS3-RNAi-expressing cells in the wing pouch compared to GFP-expressing control pouch (Figure 1b,c) , as visualized by the caspase activity probe CD8-PARP-Venus combined with anti-cleaved PARP antibody staining (Florentin & Arama, 2012; Ohsawa et al., 2011; Williams, Kondo, Krzyzanowska, Hiromi, & Truman, 2006) . Interestingly, two patterns of cell death were observed in the RpS3-RNAi-expressing wing pouch; massive cell death was observed in the inner area of the wing pouch ( Figure 1c , asterisk), whereas sporadic but significant appearance of dying cells was observed specifically in RpS3-RNAi-expressing cells at the boundary between RpS3-RNAi-expressing nubbin cells and surrounding wild-type non-nubbin cells (Figure 1c , arrowheads). Similar results were also observed in the wing pouch expressing RNAi of other Minute gene RpS17-RNAi or RpL9-RNAi ( Figure S1A ,B). These observations suggest that RpS3-RNAi-expressing nubbin cells are eliminated as losers of cell competition when confronted with wild-type non-nubbin cells. Indeed, cell death at the boundary between nubbin and non-nubbin regions was specifically suppressed when RpS3 gene was heterozygously deleted from the entire tissue ( Figure 1d , quantified in Figure 1g ), which reduces the difference in RpS3 expression levels between nubbin cells and non-nubbin cells and would therefore suppress Minute cell competition as reported previously (Tyler, Li, Zhuo, Pellock, & Baker, 2007) . Both internal and boundary cell deaths were strongly blocked by over-expression of a baculoviral caspase inhibitor p35 (Hay, Wolff, & Rubin, 1994) or a dominantnegative form of the Drosophila initiator caspase Dronc (Dronc DN ) in the entire nubbin region (Figure 1e ,f, quantified in Figure 1g ). These data suggest that cell-autonomous apoptosis occurs in the inner area of RpS3-RNAi-expressing wing pouch, whereas cell competition occurs at the boundary between RpS3-RNAi-expressing cells and surrounding wild-type cells. We referred to this cell-competition assay system as the CORE (competitive elimination of RpS3-RNAiexpressing cells) system, which enables us to easily manipulate gene expression in loser cells using the Gal4/UAS system and quantify competitive cell elimination by counting the number of dying cells at the nubbin/non-nubbin boundary.
| Wg signaling regulates Minute cell competition in the CORE system
We next conducted an ectopic over-expression screen using the CORE system to identify cellular signaling that regulates Minute cell competition. It has previously been shown that JNK signaling drives Minute cell competition (Moreno et al., 2002) . Indeed, blocking JNK signaling by over-expressing the JNK phosphatase Puckered (Puc) significantly suppressed cell death at the nubbin/non-nubbin boundary ( Figure 2a , quantified in Figure 2e ). It has been reported that cells with higher expression of dMyc, a crucial regulator of cell growth and cell cycle progression, outcompete surrounding cells with lower dMyc expression by supercompetition (de la Cova, Abril, Bellosta, Gallant, & Johnston, 2004; Moreno & Basler, 2004) , and that over-expression of dMyc suppresses cell competition triggered by cell polarity defect (Atkins et al., 2016) . Intriguingly, however, over-expression of dMyc in RpS3-RNAi-expressing nubbin cells did not suppress cell death at the nubbin/non-nubbin boundary ( Figure 2b , quantified in Figure 2e ). Interestingly, we found that overexpression of a morphogen Wingless (Wg) in RpS3-RNAiexpressing cells strongly blocked cell death at the nubbin/ non-nubbin boundary (Figure 2c , quantified in Figure 2e ). Furthermore, knockdown of wg in RpS3-RNAi-expressing cells significantly enhanced cell death at the nubbin/nonnubbin boundary (Figure 2d , quantified in Figure 2e ). These data suggest that Wg signaling negatively regulates elimination of losers in Minute cell competition. Importantly, it has been reported that relative differences in Wg signaling activity between neighboring cells induce cell competition in a dMyc-independent manner (Vincent, Kolahgar, Gagliardi, & Piddini, 2011) . In addition, activation of Wg signaling by a homozygous mutation in the axin gene in wild-type cells enhances elimination of neighboring Minute/+ cells (Vincent et al., 2011) , suggesting that competitive advantage of cells with higher translational potential is further promoted by higher Wg signaling activity (Vincent et al., 2011) . Our data intriguingly suggest that the cellular level of Wg signaling activity is crucial for determining winner/loser status in Minute cell competition. Genes to Cells AKAI et Al.
| The SURE system-a novel assay system for Minute cell competition
To further examine the role of Wg signaling in Minute cell competition, we established another assay system for RpS3-mediated cell competition. Using the MARCM technique (Lee & Luo, 1999) , clones of cells over-expressing RpS3 were generated in RpS3/+ wing discs. Whereas RpS3-overexpressing clones did not show any growth advantage over wild-type clones (Figure 3b , compare to Figure 3a , quantified in Figure 3d ), RpS3-over-expressing clones strongly outcompeted RpS3/+ clones ( Figure 3c , quantified in Figure 3d ). In addition, dying cells were specifically observed in RpS3/+ cells at the boundaries between RpS3/+ clones and RpS3-over-expressing clones, as visualized by anti-cleaved Drosophila caspase-3 (Dcp-1) antibody staining (Figure 3e ). Furthermore, this elimination of RpS3/+ clones by RpS3-over-expressing clones did not affect final size and shape of wings in the adult (Figure 3f-h ). These data indicate that this system models Minute cell competition whereby RpS3-over-expressing clones outcompete RpS3/+ clones at the clone boundary. We thus referred to this assay system as the SURE (supercompetition of RpS3-expressing clones in RpS3/+ tissue) system, which enables us to manipulate gene expression in winner cells using the Gal4/UAS system.
| Wg signaling regulates Minute cell competition in the SURE system
Using the SURE system, we found that knockdown of wg in RpS3-expressing winner clones significantly suppressed elimination of surrounding RpS3/+ loser clones (Figure 3i , quantified in Figure 3d ). It has previously been shown that increased expression of Notum, a secreted negative-feedback inhibitor of Wg signaling, in cells with higher Wg signaling activity is required for elimination of their neighboring cells with lower Wg signaling activity (Vincent et al., 2011) . Significantly, knockdown of notum in RpS3-expressing winner cells indeed suppressed elimination of RpS3/+ clones (Figure 3j , quantified in Figure 3d ). These data again suggest that Wg signaling activity is crucial for determining winner/loser status in Minute cell competition. In this study, we have established the CORE and SURE systems for studying Minute cell competition and found that Wg signaling plays an important role in triggering Minute cell competition. Elevation of Wg signaling activity in loser cells suppresses their elimination, whereas down-regulation of Wg signaling in loser cells enhances their elimination. In addition, down-regulation of Wg signaling in winner cells suppresses elimination of loser cells. Thus, Wg signaling activity seems to collaborate with translational potential to Given the simple setup, the CORE system is useful for conducting unbiased or candidate large-scale over-expression/ RNAi screens for genes regulating Minute cell competition. In addition, assessment of other types of cell competition would also be applicable to this system by substituting RpS3-RNAi with other RNAi that causes cell competition. These novel assay systems for cell competition would contribute to dissect the molecular basis of cell competition, which would help to understand the mechanism of epithelial homeostasis through cell-cell communication.
| EXPERIMENTAL PROCEDURES

| Fly genetics
Fly culture and crosses were carried out at 25°C. Larvae were dissected at the wandering stage. The following strains were used: UAS-Puc (Martin-Blanco et al., 1998) 
| Generation of UAS-RpS3 transgenic flies
RpS3 construct: The full-length RpS3 cDNA was PCR amplified with primers 5′-GGAATTCCATGAATGCGAACCTTCC GATTTCCAAGA-3′ (EcoRI sequence underlined) and 5′-GCT CTAGAGCTTACAAAACTTTCGCCTCGGACAGATCG-3′ (XbaI sequence underlined), and this construct was cloned into a pUAST plasmid at EcoRI/XbaI site to generate the pUASTRpS3 transgene. This plasmid was injected in Drosophila w 1118 embryos to generate transgenic flies (BestGene, Inc).
| Histology
Larval tissues were stained with standard immunohistochemical procedures using rabbit anti-cleaved PARP antibody (Cell Signaling Technology, CST, 1:200), rabbit anti-cleaved Dcp1 (Cell Signaling, 1:100 for 3 days), mouse anti-Wg antibody (Developmental Studies Hybridoma Bank, DSHB, 1:500) and mounted with 4, 6-diamidino-2-phenylindole (DAPI)-containing SlowFade Gold antifade reagent (Molecular Probes). Images were taken with a Leica SP5 confocal microscope.
| Statistical analysis
Dying cells within 1-2 cell diameters from the nubbin/nonnubbin boundary were counted. Total size of GFP-positive clones relative to the whole area of wing disc was examined using ImageJ software (NIH). Statistical analyses were carried out with r (software version 3.2.1), nonparametric Mann-Whitney U tests were carried out in all experiments, and differences were considered significant at p < .05. All data were shown as mean ± SEM.
